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INTRODUCTION.

The marked influence of the acidity of the medium on the activity

of the enzym invertase has been noticed by Kjeldahl,
a O'Sullivan and

Tompson,
&
Hudson, and recently by Sorensen

;

d the results of these

researches may be briefly summarized by the statement that although

alkalinity of any strength entirely prevents the action of invertase,

slight acidity favors it, but strong acidity prevents it, and there is

therefore a concentration of acid for which the enzymotic activity

is a maximum. In preliminary experiments it was noticed that the

action of acids and alkalis on invertase is twofold, for in some cases

the enzym is destroyed but in others it is only temporarily prevented
from acting. For example, if a strongly active solution of invertase

is made faintly alkaline to litmus and some cane sugar is dissolved

in it no inversion of the sugar occurs even after several hours
;
if the

alkaline solution is then made acid with acetic acid the invertase

immediately begins to invert the sugar, showing that the enzym has

not been destroyed by the slight alkalinity but only held back or

greatly retarded in its normal action. The word inactivation will be

used to describe this phenomenon of retardation. On the other hand,
if an invertase solution is made strongly alkaline the enzym is per-

manently destroyed, as shown by the fact that the addition of acid

does not cause any return of enzymotic activity. Invertase is also

permanent!}7

destroyed by strong acidity. The present investigation
was made to determine more exactly the conditions of acidity and

alkalinity that cause an inactivation of the invertase and those that

cause its total destruction.

a Meddeleiser fra Carlsberg Laboratoriet, 1881, 1 : 337.
6 J. Chem. Soc., 1890, 57 : 854.
" J. Amer. Chem. Soc., 1908, 30 : 1570.
d Comptes-rendus des travaux du Laboratoire de Carlsberg. 1909, 8: 1-168.
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THE PREPARATION AND DIALYSIS OF THE INVERTASE SOLU-
TIONS.

The irivertase solutions were prepared from yeast by the rapid

process, previously described,*1 modified in certain particulars so that

it now reads as follows : Crumble pure compressed yeast by hand and
knead it with an equal weight of water at ordinary temperature,
saturate the liquid with chloroform and keep it at 20 to 30 C. for

forty-eight hours. Add neutral lead acetate to slight excess, filter

the solution, remove the excess of lead from the filtrate with potas-
sium oxalate and repeat the filtration. Then saturate this filtrate

with toluene and preserve in an ice box.

In order to free the solution of invertase from salts and other

impurities a thorough dialysis was performed. The solution was
held in a cone of parchment paper which rested in a large funnel on

porcelain rings affording a free passage for running tap water

between the paper and the funnel. The marked changes which took

place in the composition of the solution during dialysis are shown in

Table 1; they consist in a removal of large quantities of the total

solids, including nearly all the nitrogenous and ash bearing sub-

stances. The strong yellow color of the solution also disappears
almost completely during dialysis.

TABLE 1. Change* i yeast juice (luring dialysis.

Date.



the quantity of invertase that is present in the solution. The great

changes in composition which occur during the dialysis of the solu-

tion involve little, if any, loss of invertase for the maximum activity

remains nearly constant. Invertase does not pass through dialyzing

parchment paper. The natural activity, however, shows a peculiar

change during dialysis, decreasing at first and later rising to about

its original value. As the invertase does not disappear this change in

natural activity must be ascribed to the changing acidity or alkalinity

of the solution, and the explanation of its peculiar course doubtless

lies in a rapid loss of acids through the parchment paper in the first

stages of the dialysis, leaving alkaline substances behind which inac-

tivate the invertase; as the dialysis proceeds these substances also

pass through the filter, and the lessened alkalinity causes an activa-

tion of the invertase.

The values of the activity wrere measured as follows: 5 cc of the

solution, the activity of which was to be measured, were added to

100 cc of a 0.2 formular solution of cane sugar, 5 cc of water, or of

acid in the experiments on the effect of acids, were added and the

mixture allowed to proceed in reaction in a thermostat at 30 C. At
the end of one or two hours 50 cc of the mixture were removed, made
alkaline with sodium carbonate to stop the action of the enzym and

complete the mutarotation of the invert sugar, and the rotation was
read on the polariscope. The velocity coefficient of the reaction,

k^ =-r log
-

, was calculated and its value after multiplication
C/ f / QD

by 10,000 to avoid decimals, was recorded as the activity of the given
invertase solution. In the calculations the time (t) was expressed in

hours and decimal logarithms were used. The determination of the

rotation of the solutions after complete inversion (r) was not made
in each case, but instead the ratio r<x to r

, usually known as the

Clerget factor, was measured accurately in a special investigation,

which gave the value 0.317 for this factor at 20 C., this being the

same value as that found when hydrochloric acid is used as the invert-

ing agent and the acid is neutralized before the polariscopic reading is

made. The identity of the values of the factor for the two inverting

agents shows that invertase accomplishes as complete a hydrolysis of

cane sugar as does hydrochloric acid. Visser 6 has concluded from his

similar experiments that invertase does not accomplish as complete
an inversion of cane sugar as does hydrochloric acid, because his

factor for invertase inversions was always smaller than that for the

acid ; but he overlooked the essential fact that the acid must be neu-

tralized before the reading is made if the results are to be compared
with the reading of the neutral invertase solutions.

U. S. Dept. Agr., Bureau of Chemistry fir. No. 50, p. 2.

6 Zts. phyeikal. Them., 1905, 52: 275.
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THE ACTIVITY OF INVERTASE IN VARIOUS ACID SOLUTIONS.

The measurements of these activities were made in the manner
described in the preceding section, and the values are recorded in

Table 2.

TABLE 2. Activity of purified invertasc in solutions of various acids.



THE DESTRUCTION OF INVERTASE BY ACIDS AND ALKALIS AT
30 C.

The destruction of invertase by acids and alkalis at 30 C. was
measured by mixing a portion of well dialyzed invertase solution

with the appropriate acid or alkaline solution, removing portions of

this mixture after definite intervals of time and measuring their

activities after bringing them to a uniform condition of slight acidity

with acetic acid in order to find the maximum activity which is a

measure of the quantity of invertase in the solution. If the activities

of the successively removed samples showed a decrease it was con-

cluded that the invertase was being destroyed by the acid or alkaline

solution. The following typical experiment shows that the rate of

0.004 0.008 0.0/2 O.O/6 O.O20 O.024 O.O32 O.O36 O.O4O 0.044

FIG. 1. Influence of acids on the activity of invertase.

destruction follows the formula for unimoecular reactions,

1 A
where A is the activity of the invertase&

2 ,

this

namely, , log

at the beginning of the destruction, x is the activity after the destruc-

tion has proceeded for t minutes, and & 2 is a constant, the velocity-

coefficient. The concentration of acid in this experiment was 0.02

normal hydrochloric.

TABLE 3. The unimolecular order of the destruction of invertase.
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In Table 4 the rate of destruction, that is, the velocity-coefficient k2

multiplied by 1,000, is recorded for various strengths of hydrochloric
acid and sodium hydroxid solutions at 30 C. ;

the results are also

shown in figure 2.

TABLE 4. Rate of destruction of invertase at 30 C. by acid and alkali.



The activity of invertase in acid solutions, which are not strong

enough to destroy the enzym, was measured for hydrochloric, hydro-

bromic, nitric, phosphoric, sulphuric, boric, oxalic, tartaric, citric,

and acetic acids
;
the activity depends almost entirely on the concen-

tration of hydrogen ions in the acid solution and the various acids

thus show typical differences which correspond with their recognized

degrees of "dissociation. The activity of invertase is zero in alkaline

solutions, rises to a maximum in very weakly acid ones, and de-

creases with stronger acidity.
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